Here we report that forced expression of NEUROG2 is sufficient to convert MGC 1 0 2 into a neurogenic state. Either ASCL1 or NEUROG2 elicited induced neurons (iNs) that 1 0 3 express genes of bipolar, horizontal and amacrine cells, as well as photoreceptors. However, only forced expression of NEUROG2 led to the generation of iNs expressing 1 0 5 hallmarks of RGCs. We also show that treatment with epidermal growth factor (EGF) 1 0 6 and basic fibroblast growth factor (FGF-2) during the expansion of MGCs affects 1 0 7 lineage-conversion efficiencies and iN-fate specification. Finally, we provide evidence 1 0 8
for an instructive role of NEUROG2 in the specification of RGC fate in vivo. Collectively, 1 0 9 our results may contribute to design new strategies to reprogram MGC into RGCs in the 1 1 0 adult mammalian retina and, therefore, to the advance of gene-based therapies to treat 1 1 1 retinal degenerations. MGCs were purified from postnatal day (P)7-9 mice according to previously 1 2 2 described protocols (de Melo Reis et al., 2008) . Briefly, retinas were dissected out and 1 2 3 chemically dissociated with TrypLE (Life Technologies) for 10 min at 37ºC. Isolated 1 2 4 cells were counted using a Neubeuer chamber and plated onto T75 culture flasks with 1 2 5 DMEM F12 (Gibco) plus 10% fetal bovine serum (Gibco), 3.5 mM glucose (Sigma), 1 2 6 4.5g/L GlutaMax (Gibco), 100U/mL penicillin/streptomycin (Gibco), either with or without 1 2 7 10 ng/mL of epidermal growth factor (EGF, Gibco) and 10 ng/mL of fibroblast growth 1 2 8 factor 2 (FGF2, Gibco). Half of the medium was changed once a week during the period 1 2 9 of MGCs expansion. Plasmid stocks were prepared in Escherichia coli and purified using an 1 3 8 endotoxin-free Maxiprep plasmid kit (Invitrogen). DNA concentration was adjusted to 1 1 3 9 µg/µL in endotoxin free TE buffer, and plasmids were stored at −20°C. To further test for the acquisition of RGC features by MGC-derived iNs, we qRT-PCR data, support the interpretation that NEUROG2 is sufficient to induce a RGC- Finally, we tested whether the expression of NEUROG2 in late retinal progenitors 4 0 9
induces de novo generation of RGCs. To that effect, sub-retinal injections of either 4 1 0 pCAG-I-GFP or pCAG-Neurog2-I-GFP plasmids were followed by electroporation in P0 4 1 1 rats (Fig 7) . As previously described (Matsuda and Cepko, 2004) , the vast majority In contrast, in retinas electroporated with pCAG-Neurog2-I-GFP plasmid, we found a suggesting that NEUROG2 expression resumed the generation of RGCs ( Fig 7F) . Accordingly, we also found that GFP+ cells within the GCL expressed classical markers axonal processes that reached the optic nerve ( Fig 7J) . Some GFP-expressing cells within the GCL also extended processes towards the inner plexiform layer, consistent 4 3 0 with the morphology of RGCs ( Fig 7G and Fig 8) . Moreover, GFP+ cells within the GCL 4 3 1 also displayed varied patterns of dendrite stratification (Fig 8) , consistent with distinct 4 3 2 RGC morphologies in the rodent retina (Sanes and Masland, 2015 Lineage reprogramming of astroglial cells into neurons has been heralded as a MGCs (Singhal et al., 2012; Pollak et al., 2013; Song et al., 2013; Ueki et al., 2015; Wu et 4 5 7 al., 2016; Jorstad et al., 2017) have been reprogrammed into neurons. Combination of Ascl1 and miR-124-9-9* led to a peak of 50-60% reprogrammed iNs, what we found following expression of Ascl1, which may be due to the earlier age of the 4 6 4 mice from which cells were isolated in our study (P7-9). Indeed, in our hands, MGCs Our data also showed that the presence of mitogenic factors EGF and FGF2 4 7 7 during MGC expansion substantially increased the efficiency of conversion into iNs, 4 7 8
suggesting that exposure to those growth factors endows MGCs with higher plasticity. It their target genes and, therefore, increases the efficiency of conversion. The effect was 4 8 7 more pronounced for NEUROG2 than ASCL1; the latter has a known role in the 4 8 8 remodeling of the chromatin landscape by itself, which increases its own accessibility to Alternative explanations for the effects of EGF/FGF2 upon MGC-lineage 4 9 5 conversion into iNs are rooted on the roles of these growth factors in cell proliferation 4 9 6 (Todd et al., 2015) and survival (Rolf et al., 2003; Nickerson et al., 2011) . In fact, we presence of EGF/FGF2. However, such differences were much smaller than those However, we did not observe significant differences in cell death between MGCs studies are needed to support this hypothesis.
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A critical question in cell reprogramming is whether iNs acquire either single or 5 0 9 multiple neuronal phenotypes (Amamoto and Arlotta, 2014; Heinrich et al., 2015) .
Recent work in our laboratory has shown that the origin of astroglial cells, either from commonly observed in those regions, suggesting that a "molecular memory" in the 5 1 5 astroglial cells contributes to the acquisition of specific neuronal phenotypes in iNs 5 1 6 (Chouchane and Costa, 2018).
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This notion is supported by our current finding that MGC-derived iNs upregulate photoreceptors, amacrine cells and RGCs. Importantly, the latter phenotype is in RGCs (Syn1, Parv, Calb2 and Tubb3). Immunolabeling confirmed the increased 5 2 8 content of three of these markers (β III -TUBULIN, SYNAPSIN 1, PARVALBUMIN). indicate that NEUROG2 has an important instructive role for the RGC phenotype in 5 3 8 vivo.
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Altogether, our study corroborates previous evidence of the potential of MGC to We would like to thank Viviane Valença and Pedro Lucas França for their contribution Nacional de Neurociência Translacional). References 5 5 8 
